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Azithromycin in Labor Lowers Clinical Infections in Mothers

WHAT'S KNOWN ON THIS SUBJECT:
We had previously showed in a double-blind trial that an oral dose (2 g) of azithromycin given to Gambian women in labor decreased bacterial colonization of the study bacteria (Staphylococcus aureus, Streptococcus pneumoniae, group B Streptococcus) in the women and the newborns during the neonatal period.
WHAT THIS STUDY ADDS:
This post-hoc analysis shows that an oral dose of azithromycin given during labor decreased prevalence of clinical infections in women (occurrence of fever, mastitis, and overall infections) and newborns (skin and overall infections) during the 8 weeks following the intervention.
Although maternal and neonatal health are identified high-priority areas for international development, maternal and neonatal mortality remain unacceptably high. Worldwide, there are ∼1 million maternal deaths and 4 million neonatal deaths per year, half of them occurring in sub-Saharan Africa (SSA). 1 Puerperal sepsis is one of the leading causes of preventable maternal deaths in low-income countries, and neonatal sepsis causes 1 out of 3 neonatal deaths, 1 3 and might therefore be prevented by interventions targeting this route of transmission. In the United States, the incidence of early-onset GBS disease fell by 70% after the widespread use of targeted prophylaxis with intravenous intrapartum antibiotics (ampicillin or penicillin) among women in labor carrying GBS in the vaginal tract. 4 Unfortunately, prepartum screening and intrapartum treatment with intravenous antibiotics is not feasible in low-income countries. In addition, given that sepsis in SSA is caused by several bacterial species, any preventive measure should cover a wider spectrum of bacteria. 2, 3, 5 Maternal infections, which include puerperal sepsis, mastitis, and other infections occurring during the postpartum period, remain an important cause of maternal morbidity and mortality, particularly in developing countries. 6 Although reliable population-based estimates of maternal sepsis in SSA are not available, a recent World Health Organization (WHO) systematic review showed that >1 out of 9 maternal deaths reported worldwide are due to puerperal sepsis. 7 For each death due to puerperal sepsis, ∼20 severe episodes occur, with several bacterial pathogens being responsible for these episodes. 8, 9 Mastitis, although generally less severe than puerperal sepsis, affects up to 20% of lactating women, 10, 11 with S aureus playing a leading role.
Recent WHO guidelines on the prevention of maternal and neonatal peripartum infections state prophylactic antibiotics should only be used when the risk of maternal infections is high (eg, cesarean deliveries or severe perineal tears). 12 Additional research is needed to assess whether prophylactic antibiotics should be used for episiotomies, uncomplicated vaginal births, and prolonged rupture of membranes at term.
In The Gambia, the rate of maternal mortality (461 per 100 000 live births) is one of the highest among all developing countries, 13 and neonatal deaths represent ∼40% of all deaths of children under 5 years of age. 14 Hence, interventions that target maternal and neonatal morbidity and mortality are urgently needed. We have recently concluded a proofof-concept double-blind trial in a periurban health facility in Western Gambia where women in labor were randomized to receive either an oral dose of 2 g of azithromycin or placebo. 15 The study was designed to determine the effect of the intervention on bacterial carriage (S aureus, GBS, and S pneumoniae) in nasopharyngeal swabs, breast milk samples, and vaginal swabs collected up to 28 days after delivery. 16 Azithromycin substantially reduced bacterial carriage in both the mother and the newborn and also reduced the use of antibiotics during the puerperal period by 60%. In this article, we present a post hoc analysis of the effect of the intervention on the occurrence of maternal and neonatal fever, malaria and, clinical infections during the 8-week follow-up period. Clinical diagnoses were based on clinical judgement by study clinicians who were blinded to the intervention arm.
METHODS
Main Trial
The detailed study protocol 15 and the main results 16 have been published elsewhere. Briefly, this was a phase-III, double-blind, placebo-controlled, randomized trial in which pregnant women in labor were randomized to receive a single dose of 2 g of oral azithromycin or placebo (ratio 1:1). The primary endpoint was prevalence of S aureus, GBS, or S pneumoniae carriage in the nasopharyngeal swab sample of the newborn at day 6.
The packaging and labeling of the investigational medicinal product (IMP) was conducted by IDIFARMA. Azithromycin and placebo were provided as tablets packed in blisters. The randomization list was created by an independent data manager and IDIFARMA numbered the blisters according to the list. 15 One blister pack of IMP contained 4 tablets of 0.5 g (2 g total) of either azithromycin or placebo. The active drug and the placebo looked identical.
Study Site and Population
The study was based at the Jammeh Foundation for Peace (JFP), a government-run health center located in Western Gambia that manages 4500 deliveries per year. The population covers the main ethnic groups in The Gambia and illiteracy is high. The climate of the area is typical of SSA.
Between April 2013 and April 2014, women in labor aged 18 to 45 years were recruited when attending the JFP labor ward. They had signed consent forms to participate in the study during their antenatal visits. Exclusion criteria were: (1) known HIV infection; (2) any chronic/ acute conditions that could interfere with the study as judged by the research clinician; (3) planned travel out of the catchment area during the follow-up period; (4) planned caesarean delivery; (5) known required referral; (6) known multiple pregnancy; (7) known severe congenital malformation of the newborn; (8) intrauterine death confirmed before randomization; (9) known allergy to macrolides; and (10) consumption of any antibiotic within the previous week.
Eligibility for recruitment was reassessed in the labor ward, and those eligible were randomized and treated with the IMP. After delivery, mothers and infants were discharged and subsequently visited at home for 2 months: daily during the first week and weekly thereafter. JFP lacked the capacity to provide emergency obstetric care, most especially surgical care. As a result, women in labor who needed emergency caesarean delivery were referred to the teaching hospital in Banjul (∼20 km from the study site).
To evaluate the safety of the intervention on mothers and newborns, adverse events (AE) were monitored and assessed throughout the follow-up period. Special attention was paid to hypertrophic pyloric stenosis in the newborn, usually reported as projectile vomiting, as a potential side effect of azithromycin. 17 
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FIGURE 1
Trial profi le. m, mothers; n, newborns. 
Ethical Approval
The study was approved by the joint Gambia Government/Medical Research Council ethics committees. An independent data safety and monitoring board (DSMB) monitored the data quality and treatment safety.
Procedures
Screening was done in the labor ward to confirm consent and ensure eligibility criteria were all met. If a woman who had signed consent was still willing to participate in the study, a randomization number was then assigned. After discharge from the hospital and within the first week after delivery, trained nurses carried out daily home visits for both mothers and babies. Mothers were asked to attend JFP again with their babies between days 8 and 13 to be examined by a study clinician. From then, field workers visited the mother/newborn pairs weekly until 8 weeks postpartum.
This active follow-up was complemented with passive follow-up at the study health facility and Medical Research Council clinic. A local safety monitor and a DSMB reviewed all the serious AEs during the course of the trial, and the trial was monitored by an independent clinical trials monitor.
Post hoc Clinical Endpoints
The clinical endpoints were reported in the AE form of the clinical report form, where they were graded as mild, moderate, or severe. These forms were completed in real time, when the study was double-blinded, by the study clinicians based on their clinical judgement.
The endpoints in study women were: 
FIGURE 2
Proportion of mothers and newborns infected at different points during the follow-up period. P values were derived using the log-rank test (mothers, P = .001; newborns P = .040).
The endpoints in study newborns were: 
RESULTS
Baseline Information
A total of 1061 women in labor were assessed for eligibility and 829 (78.1%) were recruited, randomized, and treated (414 azithromycin and 415 placebo) ( Fig 1) . These 829 recruited women delivered 830 live births and 13 stillbirths. The median age of women at enrolment was 26.0 years in the azithromycin group and 25.0 years in the placebo group. Overall, 15 mothers were transferred to the Banjul Teaching Hospital for caesarean delivery (10 in the azithromycin group and 5 in the placebo group), and all of them were given intrapartum intramuscular/ intravenous antibiotics. Details of the baseline characteristics of the study women and the newborns are shown in Table 1 and 2.
Maternal Infections
Fever and infections were less common in the azithromycin group than the placebo group during the follow-up period ( Fig 2, Table 3 ). The occurrence of fever was 1.9% for women in the azithromycin group compared with 5.8% in the placebo group (RR, 0.33; 95% CI, 0.15-0.74; P = .006), and the overall occurrence of maternal infections was 3.6% vs 9.2% (RR, 0.40; 95% CI, 0.22-0.71; P = .002). Mastitis was the most common infection and occurred less frequently in the azithromycin group than the placebo group (1.4% vs 5.1%; RR, 0.29; 95% CI, 0.12-0.70; P = .005). Differences between the arms in the occurrence of fever, maternal infections, and mastitis remained significant in the mild and moderate categories. Only 5 women were hospitalized due to an infection (3 in the azithromycin group and 2 in the placebo group). The criteria used to diagnose these women are given in Table 4 . The incidence of malaria was similar in both groups (1.9% vs 1.2%; RR, 1.60; 95% CI, 0.53-4.86; P = .420).
Neonatal Infections
Fever and infections were common among the newborns during the follow-up period, and the incidence of infection peaked during the rainy season (0.86 vs 2.46 per person-year; RR, 2.86; 95% CI, 1.95-4.23; P < .001). Although we did not observe a difference between study arms in the occurrence of fever (P = .235), the overall prevalence of infections was lower in the azithromycin group (18.1% vs 23.8%; RR, 0.76; 95% CI, 0.58-0.99; P = .052) ( Fig 2, Table  5 ). Differences between study arms remained significant in the mild and moderate categories for overall infections (13.4% vs 19.6%; RR, 0.68; 95% CI, 0.50-0.93; P = .016) and skin infections (3.1% vs 6.1%; RR, 0.51; 95% CI, 0.26-0.97; P = .048). Overall, 38 newborns were admitted for infections, most of them during the first week of life (63.6%). There were no cases of malaria in the placebo group and only 1 case in the azithromycin group.
Neonatal Deaths
Seven out of the 16 deaths that occurred during the follow-up period had a diagnosis of infection, although none had microbiological confirmation. Three out of these 7 deaths occurred in the azithromycin group and 4 in the placebo group. None of the 4 deaths in the placebo group had any underlying 6 condition, whereas the 3 deaths in the azithromycin group were all potentially attributable to an underlying condition: 1 newborn had a congenital heart defect, 1 had aspiration at birth, and the third had a clinical diagnosis of hemorrhagic disease, possibly due to vitamin K deficiency ( Table 6 ). One of these 7 deaths occurred after the first week of life.
DISCUSSION
Although the WHO does not recommend the use of prophylactic antibiotics for all deliveries, it allows such prophylaxis when the risk of sepsis is high. 12 This is the case in SSA, where most of the population is poorly nourished, women often deliver in unhygienic conditions, female genital mutilation is common practice, 18 -20 tears and episiotomies are frequent, the rate of bacterial colonization is high (in the vaginal tract and in breast milk), 16 and, importantly, most personnel attending deliveries are poorly trained to identify pregnancies at high risk of neonatal or puerperal sepsis. Our study shows that in this setting, the prophylactic use of 1 oral dose of azithromycin, an antibiotic that is not used for clinical care in The Gambia, has the potential to reduce the risk of infections among women in the puerperal period and among their offspring during the neonatal period.
Maternal infections were frequent among our participants, as was the occurrence of mastitis, clinical sepsis, and related infections. Thanks to the high standard of care offered during the trial, most infections were cured and none of the mothers died. The rate of maternal mortality was therefore 7 much lower than expected (in this setting, a maternal mortality ratio of 461 per 100 000 live births has been reported 13 and, therefore, ∼4 deaths would have been expected). As well as reducing infections by 60% to 90%, the intervention also reduced the occurrence of fever by more than two-thirds. Although azithromycin has been reported to be effective for malaria prophylaxis and treatment, either as monotherapy or in combination with other drugs, 17, 18 no effect on malaria was observed. This may be due to the low risk of malaria in this area.
Clinical infections were also common among newborns during the neonatal period, but the close follow-up provided by the trial team may have limited their consequences. 21 Early detection of outpatient infections prevents hospitalization and death, 22 especially some potentially threatening infections, such as skin infection (common) or umbilical infections (less common). 23, 24 The incidence of outpatient infections was 30% lower in the azithromycin group and skin infections decreased by >50%. The number of umbilical infections was surprisingly low (1 case in the azithromycin group and 4 cases in the placebo group). This may be due to the local practice of applying shea butter to the umbilical stump, which has been shown to be protective. 25 In the azithromycin group, the lower incidence of these infections, as well as of otitis and conjunctivitis, probably reflects the effect of the intervention on colonization by S aureus and Streptococcus species in the newborns, 16 because these bacteria are major causes of both conditions. 26 -28 The absence of an effect of the intervention on oral infections may reflect the antiinflamatory effects of breast milk that are protective of such lesions in this early neonatal period. 29 We did not observe a difference in fever between the study arms, but it is known that fever is not always part of the response to infection among neonates. 30 Azithromycin, which is rarely used in clinical care in The Gambia, 31 has been used in mass drug administration programs that aim to eliminate trachoma. 32 Several studies have also used azithromycin during pregnancy to protect against malaria and increase birth weight. A meta-analysis of these trials has failed to show an improvement on neonatal outcomes. 33 Our study differed from these previous studies because it was the first to administer azithromycin to women in labor. The primary outcome of the trial was bacterial carriage 16 and the analysis of clinical outcomes, which we report in this article, was conducted post hoc. A limitation of our analysis is that clinical conditions were not predefined and were based on clinical assessment, without laboratory confirmation. For example, although several participants were hospitalized with a clinical diagnosis of sepsis, meningitis, or pneumonia, none of them had a positive microbiological culture of blood and/or cerebrospinal fluid (CSF). However, the major strength of the analysis is that because the study clinicians were blind to the treatment allocation, any possible bias in recording these outcomes would have been avoided.
Our results show that azithromycin administered to women in labor reduces maternal and neonatal infections and maternal episodes of fever. This intervention, with an antibiotic rarely used in clinical care in SSA, has the potential to reduce neonatal and puerperal sepsis in periurban and rural SSA. Larger trials designed to assess the effect of the intervention on severe morbidity and mortality are urgently needed. The advantages of our approach are its simplicity, low cost, the possibility of simultaneously targeting several pathogens, and the integrated approach of protecting mothers and babies with the same intervention.
